Introduction
South Korea has a population of approximately 49 million people, and an area of about 10,000 km 2 , similar to that of the state of Ohio in the United States. It is one of the most developed countries in East Asia, with a Gross National Income per capita of $20,870, life expectancy of approximately 80 years, and a rank of 15th out of the 179 countries in the United Nations' human development index. 1, 2 Since approximately 1,600 years ago, South Korea has had its own traditional oriental medicine. However, since the late 19th century, when modern western medicine arrived, the latter has become the mainstay of the national medical system. Currently, there are 41 medical schools, nationwide. 3 Emergency medicine started to be discussed in South Korea at the time of the Seoul Olympics in 1988. It was introduced in 1989, and recognised as an official subspecialty in 1995. 4, 5 Over the last two decades, emergency medicine has developed considerably, with an increasing number of board members in the Korean Society of Emergency Medicine (KSEM). In 1996, 51 emergency physicians were registered in the KSEM and, by 2011, the number had increased to 958 (Figure 1 ). There are two ways to achieve board certification for emergency medicine in South Korea. This can be done by undergoing a 4-year residency program in a teaching hospital, or by undergoing training through a 2-year supplemental residency program. Further, the number of emergency physicians working in teaching hospitals in South Korea has increased from 251 (in 2007) to 317 (in 2011) . Similarly, the number of emergency care facilities has also increased. In 1996, 342 emergency care facilities, including 101 emergency medical centres, were created. 6 According to the 2011 Annual Report of the National Emergency Medical Centre, which is operated by the Ministry of Health and Welfare, there were 461 emergency care facilities by 2011, including 21 region-wide emergency centres, 115 regional emergency centres, 2 specialty emergency centres (trauma, burns, toxicology) and a total of 7,219 emergency beds. In addition, there were 90 residential training programs nationwide. To be designated a regional emergency centre, at least two board-certified emergency physicians are required. In terms of patient-load, the number of patients visiting emergency departments was 7.4 million in 2005, which increased to 10.3 million in 2011. Further, the number of critically ill patients suffering from stroke, acute myocardial infarction, and major trauma increased from 82,000 (in 2007) to 139,000 (in 2011). Along with the increased number of patients, the clinical competence of South Korean emergency medicine professionals has grown rapidly. However, for a long time, there were no repor ts on the development of academic production; the number of articles published is regarded as an objective indicator of research ability and of contribution to new knowledge. 9 Recently some studies have described the characteristics and trends of publications in emergency medicine. According to Li et al, 10 from 2006 to 2010, South Koreans published 126 articles in Science Citation Index (SCI) journals on emergency medicine. However, no published data has analysed the development of academic productivity in conjunction with the growth of emergency medicine in South Korea. Since emergency medicine was established about 20 years ago, South Korea is one of the countries from which the pattern of early development of clinical and academic productivity can be discerned. Therefore, we examined the number of publications in highly cited journals, along with the increase in number of emergency physicians, and assessed the impact factors and subspecialties within the field of emergency medicine.
Methods
This s t u dy wa s c o nd u ct ed a s a ret ro s p ec t ive quantitative literature review of publications in emergency medicine journals from 1996 to 2011. It did not involve human subjects and therefore, was exempt from the need to obtain informed consent.
Data collection and search strategy
Data on the annual numbers of board members of the KSEM were collected from 1996 to 2011, and this data was confirmed by the KSEM office. We selected 24 journals relating to emergency medicine from the "emergency medicine" category in the science edition of Journal Citation Reports (JCR) 2011, published by the Institute for Scientific Information. 11 We excluded six journals from this list, as they were not English language journals. Thus, 18 journals were included in this study (Table 1) . For each journal, a computerised search was carried out through PubMed, using the search terms "ISSN" (International Standard Serial Number) and "Korea", from 1996 to 2011. Since the purpose of the study was to assess the academic productivity of emergency medicine in South Korea, papers that had not been published by South Korean authors and those coming from institutions other than emergency medicine departments were excluded. Papers by authors from more than one institution were included if the first or corresponding author's institution was a South Korean emergency medicine department. Brief reports were classified as original articles, because of their similar format. We also included case reports and letters in the sample. The selection of articles was double-checked by searching the past issue section of each journal's homepage. We also assessed the impact factors of the published articles and their corresponding study designs. To ensure accuracy in the selection and classification of the articles before the study was carried out, two emergency physicians were taught the basics of classification regarding the design of medical studies. They carried out a comprehensive review of the papers and graded them according to the specified criteria with standard reporting guidelines. 12 In case of disagreement between the two reviewers, papers were classified by a consensus panel consisting of three investigators. Inter-observer reliability was not assessed.
Measurements
We analysed the data on the annual number of publications by categorising them according to type: original article, case report, and letter. The original articles were classified according to their study design into randomised controlled trials, cohort studies, observational cross-sectional studies, and case-control studies. 13 We also grouped the original articles by subspecialty within the field of emergency medicine: re s u s c it a t io n , a i r w a y, ed u c a t i o n , n e u r o l o g y, overcrowding p olicies , dr ug s a nd t ox ic olog y, paediatrics, infection, radiology, cardiology, analgesiaanaesthesia, trauma, and others (including pre-hospital emergency, environmental emergency, and emergency orthopaedics). Funding for the original articles was classified according to source as national, university, and company. The impact factors of the individual original articles published in each year were summed, and the total and annual mean impact factors were obtained.
Data analysis
Our goal was to examine the change in academic productivity by the number of published articles; therefore, we did not need a hypothesis for this investigation. Only simple descriptive statistics (e.g., sum, mean, and classification) were employed.
Results
We found that the number of South Korean boardcertified emergency physicians increased from 51 (in 1996) to 958 (in 2011; Figure 1 ), and 230 articles that were categorised as "emergency medicine" by the JCR 2011, were published in international journals. The number of published articles and number of board-certified emergency physicians (Eps) Table 2 ). The study designs of the 118 original articles were assessed, and it was found that 70 of them were prospective studies (59.3%) and 48 were retrospective studies (40.7%). We identified 22/118 (18.6%) randomised studies, 48/118 (40.7%) cohort studies, 38/118 (32.2%) cross-sectional studies, and 10/118 (8.5%) case-control studies (Table 2 ). Lastly, with 
Definition of type of article: Randomised study = participants are randomly assigned to intervention groups; Cohort study = a group of individuals with common characteristics, defined and constituted from the start, who are examined or traced for a given period; Cross-sectional study = observations or measurements made at a single point in time, usually at subject enrollment; Case-control study = group of individuals with specific characteristics compared with a group with different characteristics, but otherwise similar. reference to the subspecialties within the field of emergency medicine, almost half of the 118 original articles were on resuscitation (43, 36.5%) and airway management (12, 10.2%). Further, only two of the articles were on trauma (1.7%) and 11 papers were related to other specialties (9.3%) (Figure 3) .
With reference to the funding source, 19 articles (16.1%) acknowledged their source, 17 of which were published after 2007. Of these, eight reported to have received national funding and 11 received university funding. None of the papers was funded by any company.
Discussion
This study described the pattern of academic productivity by board-certified emergency physicians in South Korea between 1996 and 2011. We found that the academic productivity increased considerably Similarly, majority of the 118 original articles were published in the journal Resuscitation (27.1%), the American Journal of Emergency Medicine (14.4%), and the Emergency Medicine Journal (23.7%). Among the published articles, the most abundantly found subspecialty was resuscitation (36.5%). No other subspecialty accounted for more than 8% of the published articles, except for airway management (Figure 3 ). These findings reflect the trends in research in South Korean emergency medicine and the clinical situation in South Korea. Thus, compared to other nations, the span of South Korea's research remains narrow, especially in areas such as paediatrics (5.1%), infection (4.2%), cardiology (3.4%), trauma (1.7%), and analgesia-anaesthesia (0.8%). In contrast, a recent study regarding the quality of publications in emergency medicine worldwide revealed a relatively even distribution of subspecialties. 14 The reason for this difference could be a lack of professionals in this field and resources. For instance, the number of South Korean board-certified emergency physicians was 958 in 2011, which corresponds to a mere 1.9 physicians for every hundred thousand population, as compared with 7.3 physicians per hundred thousand individuals in the US. 15 Due to this lack of labour, resuscitation and critical care are given priority in South Korean emergency medicine and, therefore, clinical practice and research in the less critical fields is limited. In addition, it is possible that the lack of work force and shortage of research in trauma is related to the absence of an effective trauma care system and efficient trauma centres. Since South Korea has only one trauma centre, there is a shortage of knowledge and experience in this area, which tends to be covered by other specialties. Four of the journals included in the study contained no relevant publications. They were Injury, Emergency Medicine Clinics of North America, Journal of Emergency Nursing, European Journal of Trauma, and Emergency Surgery. Two of these are trauma-related journals, which illustrates the present status of academic productivity in the field of trauma in South Korea.
Evidence-based medicine improves the quality of medical practice; therefore, randomised controlled trials are regarded as the gold standard for clinical trials. In 2013, Bounes et al 14 reported that among the 30 recent original articles in the 12 most highly ranked journals in emergency medicine, there were 57.3% prospective studies and 8.8% randomised studies. The corresponding figures in South Korea were 59.3% prospective studies and 18.6% randomised studies, while the proportion of original articles had increased from 36.4% (in 2007) to 64.4% (in 2011; Figure 2 ). Among the 18 journals related to emergency medicine, the impact factors (IFs) of the three journals that published the most South Korean articles were 3.601 (Resuscitation), 1.976 (American Journal of Emergency Medicine) and 1.439 (Emergency Medicine Journal). According to Li et al., 10 South Korea was ranked among the top ten most productive countries for number of publications in emergency medicine from 2006 to 2010. During that period, there were 126 publications with a mean impact score of 1.77. In the present study, South Korea' s mean IF was 1.93, which is similar to other highly productive countries.
It is evident that a young medical specialty needs time to mature, and the accumulation of work force and material resources is crucial. Productivity, in terms of clinical academic productivity, develops last in this process. Further, in emergency medicine, there are more obstacles than in non-emergency medicine, for instance, the overcrowding and hectic pace of emergency rooms, which impose large workloads on emergency physicians, the difficulty in obtaining informed consent from patients, and conflicting tasks. 16 These factors inevitably reduce clinical academic productivity in emergency medicine.
Despite the encouraging findings, our study has some limitations. First, articles were selected only from within the emergency medicine category of the JCR index. We may therefore have missed articles published in other categories, such as gastroenterology, cardiology, and anaesthesia. Similarly, we may also have missed the articles published in other scientific journals. However, such articles probably did not influence the general outcome of the study. Second, we only included publications in English, because English is regarded as the international scientific language. 17 According to the JCR index, the emergency medicine category contains a total 24 journals, and we excluded Emergencias, Notarzt, NotfallRettungsmed, Signa Vitae, UlusTravmaAcilCer, and Unfallchirurg. However, South Korea's official second language is English and since all of the board-certified emergency physicians in South Korea are Korean, there were probably no publications in other languages. Third, we selected articles in which the affiliation of the first or correspondence author was South Korean. We may therefore have missed some collaborative research between South Korea and other countries where the affiliation of the first or correspondence author was not South Korean. Fourth, one of the factors affecting the number of publications could be the growth of staff in a teaching hospital, such as a university hospital. However, our data is insufficient to examine the same. Lastly, the quality of the publications was not analysed, because this study aimed to examine the trend of academic productivity in South Korea, and not to carry out any in-depth analysis. Therefore, only the IFs and study designs of the publications were assessed.
Conclusion
Emergency medicine in South Korea started about 20 years ago, but academic productivity, indicated by at least ten articles annually in highly cited journals, was only achieved in the last five years. By this time, 400 South Korean board-certified emergency physicians have been produced. The mean IF of the published articles was 1.93, which is similar to that of highly productive countries; however, the research fields were biased too much towards particular areas, such as resuscitation. Therefore, it is crucial to increase effort in other fields of research within emergency medicine.
